Synthetic and analytical details
Synthesis and purification of 1 and purification and analysis of N-heterocyclic products from catalytic C−H amination were carried out in air. Catalytic C−H aminations were conducted under an atmosphere of dry dinitrogen or argon using standard Schlenk or glovebox techniques. With exception of the compounds given below, all reagents and solvents (MeOH, pentane, C 6 H 6 , CH 2 Cl 2 , CD 2 Cl 2 , CDCl 3 ) were purchased from commercial suppliers and used without further purification. Dry THF for ligand synthesis was obtained from an MBraun SPS solvent purification system. Dry C 6 H 6 was bought from Sigma-Aldrich Chemie B.V., degassed with argon and stored over 3 Å molecular sieves prior to use for catalytic C-H amination.
1 H NMR spectra were measured on a Bruker AMX 400 and Bruker DRX 300 spectrometer at r.t. High resolution mass spectra were recorded on a JEOL AccuTOFC-plus JMS-T100LP mass spectrometer. GC-MS measurements were performed on a HP-Agilent GC-MS or JEOL AccuTOF GCv4G GCHRMS. Elemental analysis was carried out by Kolbe Mikroanalytisches Laboratorium, Mülheim, Germany. UV-visible spectra were recorded on a Hewlett Packard 8453 spectrophotometer. Cyclic voltammetry measurements were performed in CH 2 Cl 2 (1 × 10-3 M) with nBu 4 NPF 6 (0.1 M) as electrolyte and at room temperature, using a Pt-disk as working electrode (Ag-wire as reference and Pt-wire as counter electrode) under an N 2 atmosphere. All redox potentials are referenced to Fc/Fc + .
Ligand NNO H2 was prepared as previously reported.
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Synthesis of complex 1, Fe III Cl 2 (NNO ISQ ): All manipulations were carried out under aerobic conditions. A cold (-80 °C) solution of NNO H2 (0.341 g, 1.00 mmol) in MeOH (30 mL) was added dropwise to a cold (-80 °C) solution of FeCl 3 (0.162 g, 1.00 mmol) in MeOH (10 mL). The reaction mixture was stirred at -80 °C for 2 h, resulting in a dark green solution. To this mixture was added a cold (-80 °C) solution of NEt 3 (0.204 g, 2.00 mmol) in MeOH (20 mL). The solution was stirred at -80 °C for 1 h and thereafter allowed to warm up to r.t. and stirred for 16 h. All volatiles were removed from the dark green solution under high vacuum to give a dark green solid. The solid was extracted with benzene (3 × 15 mL). Storing a concentrated C 6 H 6 -solution of 1 at 5 °C yielded green crystals that were dried under high vacuum to provide complex 1 as green solid (0.332 g, 71%). The same crystals (before drying) were suitable for single crystal X-ray structure determination. MS-CSI + (m/z) calcd for atmosphere. Toluene (3 mL) was added to a solid mixture of 1 (0.093 g, 0.2 mmol) and CoCp 2 (0.038 g, 0.2 mmol). The resulting reaction mixture was stirred at r.t. for 24 h, yielding a dark brown solution and a yellow-brown precipitate. The solid was filtered off and the dark brown solution was diluted with pentane via vapor diffusion over the course of two days. 
DFT calculations
For computational simplification, the tert-butyl groups on the NNO ligand were replaced by methyl groups. All DFT calculations were performed using 3.0.3 version of ORCA DFT package S1 at the def2-TZVP S2 /B3LYP S3a-d level of theory. The RIJCOSX S4 approximation was applied to speed up the calculations. All the optimized geometries were confirmed to be a minimum by performing hessian calculations.
All energies obtained from broken symmetry calculations were corrected using the following equation, where BS stands for broken-symmetry and HS is the high-spin state when all antiferromagnetic coupling in the system is decoupled and m is the total spin for the BS state.
The B3LYP functional was reported to give good results for iron complexes by Shaik and coworkers. S6 To test the robustness of the method, we performed calculations at def2-TZVP/M06 S3e level as well which showed similar results.
Complex 1
For the catalytic complex 1, a pure S = 2 spin state complex could not be obtained and an inherent antiferromagnetic coupling was present. All geometries with lower spin states were found too high in energy. Here we report results for S = 2 and S = 3 spin state complexes. 
Assigning spin populations
The spin population assignments calculated from Lӧwdin S7 orbital spin population analysis are shown in Figure S1 . Figure S1 : Spin population analysis.
The Lӧwdin population analysis shows that the Fe center has a total spin equivalent to 4 unpaired electrons, while the NNO moiety seems to have a total 50% spin population of betaspin electronic density. Further analysis shows 50% of α spin population resides on the two chlorido ligands and the non-bridging N atom. This indicates that the iron center has equal contributions of α and β electronic density (both 50%) from the antiferromagnetically coupled electron pair.
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The spin density plots for S = 2 and S = 3 spin states have been shown in Figure S2 . Figure S2 . Spin density plots for s = 3 (left) and s = 2 spin state geometries in Complex 1 (blue lobes for alpha population and red for beta population).
Magnetic orbitals and SOMOs in Complex 1
The analysis of anti-ferromagnetic coupling can be performed by analyzing the corresponding overlap between alpha and beta spin orbitals produced by a spin-unrestricted UHF calculation. The corresponding orbital transformation (COT) involves unitary transformations S8 such that each alpha spin orbital is matched by at least one beta spin orbital. This generates three categories of orbitals on the basis of overlap: a) orbitals which have an overlap equal to or very close to unity; b) orbitals with an overlap value between 0 to 1 -these are magnetic orbitals in the system); c) orbitals which are singly-occupied and hence the overlap is 0 -these are the SOMOs. 
C-H amination of organic azides catalyzed by complex 1
General Method: A solution of organic azide (1 eq.), Boc 2 O (1 eq.) and 1 [0.1, 1, 2, 5 or 10 mol%: all from stock solution in benzene) in benzene or toluene (5 or 25 mL) was transfered in a pressure tube under N 2 atmosphere. The resulting green solution was heated to 100 °C for the appropriate time. After cooling to r.t., all volatiles were removed via rotary evaporation. The dark green oil was then dissolved in CH 2 Cl 2 (2 mL) and subjected to flash chromatography through a short column of deactivated silica gel using a solvent mixture of CH 2 Cl 2 and MeOH (20:1) to remove paramagnetic materials. Thereafter, all volatiles were removed from the solution via rotary evaporation to give a yellow oil. The oil was then dissolved in CDCl 3 (0.5 mL) and analyzed by GC-MS and 1 H NMR spectroscopy to analyze the ratio between Boc-protected N-heterocycles and linear amines using 1,3,5-trimethoxybenzene (16.8 mg, 100 µmol) as an internal standard. For some illustrative cases, isolated yields were determined by preparative TLC of the isolated product mixtures using a mixture of CH 2 Cl 2 and pentane as eluent and silica as stationary phase. Note: Reactions at 60 or 80 °C did not give any products, with only starting azide recovered.
Catalyst recovery and re-use: A solution of organic azide S1 (100 µmol), Boc 2 O (22 mg, 100 µmol) and 1 (2 or 5 µmol) in benzene (5 mL) was transferred to a pressure tube under N 2 atmosphere. The resulting green solution was heated to 100 °C for the appropriate time. After cooling to r.t., the solution was concentrated to ca. 1 mL and the concentrated solution was added dropwise to well-stirred n-pentane (20 mL), resulting in dark green precipitate and a green solution. The mixture was left at -20 °C for 2 days resulting in dark green precipitate and dark green crystals with almost colorless solution. The solution was decanted off and the green solid was washed with n-pentane (10 mL). The combined n-pentane solution was dried to give an oil that was analyzed by 1 H NMR spectroscopy to identify Boc-protected Nheterocyclic product and linear amine side product.The green solid was dried thoroughly, assuming near-quantitative yield after work-up, and re-used as catalyst for C-H amination of organic azides as described in the general method. It should be noted that the green solid was also analyzed by mass spectrometry and UV-visible spectroscopy to confirm the structural integrity of complex 1 after each catalytic run.
C-H amination of 1-azido-4-phenylbutane (S 1 ): Reaction was performed as described in general method. The results are summarized in Table S3 . Representative 1 H NMR spectra of the product mixture are shown in Figure S4 (10 mol% 1), S5 (5 mol% 1) and S6 (5 mol% 1 and 1,3,5-trimethoxybenzene as internal standard) and isolated P 1a is shown in Figure S7 . 18.8 min; m/z: 41, 57, 77, 91, 104, 117, 131, 146, 174, 190, 247 . 20.4 min; m/z: 41, 57, 77, 91, 104, 118, 132, 148, 176, 192, 249. See reference S9, S10 and S11 for the characterization of P 1a and P 1b , respectively. Table S3 . Catalytic transformation of S 1 to P 1a and P 1b with complex 1.
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Entry 1 (mol%) Amount used: S 1 (17.5 mg, 100 µmol or 87.5 mg, 500 µmol), Boc 2 O (22 mg, 100 µmol or 110 mg, 500 µmol), complex 1 (10/5/2/1/0.1 µmol, used from stock solution in benzene or toluene). 1 H NMR yields of P 1a and P 1b are reported using 1,3,5-trimethoxybenzene as internal standard ( a Isolated yields). ‡ Catalyst recycled.
Large scale reaction and isolation of P 1a : A solution of 4-phenylbutyl azide (87.5 mg, 500 µmol) and Boc 2 O (109 mg, 500 µmol) and 1 (11.7 mg, 25 µmol) in benzene (25 mL) was transfered in a pressure tube under N 2 atmosphere. The resulting green solution was heated to 100 °C for 24 h. After cooling to r.t., all volatiles were removed via rotary evaporation. The dark green oil was then dissolved in CH 2 Cl 2 (5 mL) and subjected to flash chromatography through a short pipette of deactivated silica gel using a solvent mixture of CH 2 Cl 2 and MeOH (20:1) to remove paramagnetic materials. Thereafter, all volatiles were removed from the solution via rotary evaporation to give an orange oil as a mixture of P 1a and P 1b . P 1a was then isolated as a yellow oil (76.7 mg, 62%) by column chromatography using silica gel as stationary phase and a mixture of DCM and pentane (5:1) as eluent. Figure S4 . 1 H NMR spectrum of the product mixture (P 1a : P 1b = 0.70 : 0.30) in CDCl 3 (using 10 mol% catalyst and benzene as solvent). Figure S5 . 1 H NMR spectrum of the product mixture (P 1a : 70%, P 1b : 30%) in presence of 1,3,5-trimethoxybenzene (100 µmol) as internal standard in CDCl 3 .
P1a

P1b
P1b P1a P1a P1a P1b S15 Figure S6 . 1 H NMR spectrum of the product mixture (P 1a : P 1b = 0.65 : 0.35) in CDCl 3 (using 10 mol% catalyst and toluene as solvent for catalysis).
Figure S7.
1 H NMR spectrum of the product mixture (P 1a : 65%, P 1b : 35%) in presence of 1,3,5-trimethoxybenzene (100 µmol) as internal standard in CDCl 3 .
P1b P1a P1b
P1a P1a P1a
P1b P1b S16 Figure S8 . 1 H NMR spectrum of the product mixture (P 1a : P 1b = 0.63 : 0.37) in CDCl 3 (using 5 mol% catalyst and benzene as solvent).
Figure S9.
1 H NMR spectrum of the product mixture (P 1a : 63%, P 1b : 37%) in presence of 1,3,5-trimethoxybenzene (100 µmol) as internal standard in CDCl 3 .
P1b P1a P1b
P1a P1a P1a P1b P1b S17 Figure S10 .
1 H NMR spectrum of the product mixture (P 1a : P 1b = 0.62 : 0.38) in CDCl 3 (using 2 mol% catalyst and benzene as solvent).
Figure S11.
1 H NMR spectrum of the product mixture (P 1a : 62%, P 1b : 38%) in presence of 1,3,5-trimethoxybenzene (100 µmol) as internal standard in CDCl 3 .
P1b P1a
P1b P1a P1a P1a P1b S18 Figure S12 . 1 H NMR spectrum of isolated P 1a in CDCl 3 .
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Scheme S1. Postulated mechanism for the conversion of S1 to P1a, which is in agreement with literature reported Fe or Pd-catalysts.
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Kinetic Study:
Determining reaction order in S 1 (monitoring substrate consumption with time): Five pressure tubes were loaded with a solution of S 1 (17.5 mg, 100 µmol), Boc 2 O (22 mg, 100 µmol) and 1 (0.95 mg, 2 µmol, from stock solution) in benzene (5 mL) under N 2 atmosphere. The resulting green solution was heated to 100 °C for the appropriate time (1, 2, 3, 4.5 and 6 h). After cooling to r.t., all volatiles were removed via rotary evaporation. The dark green oil was then dissolved in CH 2 Cl 2 (2 mL) and subjected to flash chromatography through a short column of deactivated silica gel using a solvent mixture of CH 2 Cl 2 and MeOH (20:1) to remove paramagnetic materials. Thereafter, all volatiles were removed from the solution via rotary evaporation to give a yellow oil. The oil was then analyzed by 1 H NMR spectroscopy.
The results are summarized in Table S4 . Table S4 . Catalytic transformation of S 1 (1 eq.) in presence of Boc 2 O (1 eq.) with complex 1 (2 mol%).
Time
(h)
Unreacted S 1 (µmol) 1 100 100 2 100 1 85 2 100 100 2 100 2 63 3 100 100 2 100 3 45 4 100 100 2 100 4.5 21 5 100 100 2 100 6 0 Amount of unreacted S 1 is determined by using 1 H NMR with 1,3,5-trimethoxybenzene as internal standard (100 µmol).
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Determining reaction order in 1 (monitoring reaction rate with catalyst concentration):
Seven pressure tubes were loaded with a solution of S 1 (17.5 mg, 100 µmol each), Boc 2 O (22 mg, 100 µmol each) and 1 (1, 2, 3, 4, 5, 6 and 7 µmol, respectively from appropriate amount of stock solution) in benzene (5 mL) under N 2 atmosphere. The resulting green solution was heated to 100 °C for 1 h. After cooling to r.t., all volatiles were removed via rotary evaporation. The dark green oil was then dissolved in CH 2 Cl 2 (2 mL) and subjected to flash chromatography through a short column of deactivated silica gel using a solvent mixture of CH 2 Cl 2 and MeOH (20:1) to remove paramagnetic materials. Thereafter, all volatiles were removed from the solution via rotary evaporation to give an yellow oil. The oil was then analyzed by 1 H NMR spectroscopy. The results are summarized in Table S5 . Table S5 . Catalytic transformation of S 1 (1 eq.) in presence of Boc 2 O (1 eq.) with complex 1 (1, 2, 3, 4, 5, 6 and 7 mol%). , respectively] and 1 (2 µmol) in benzene (5 mL) under N 2 atmosphere. The resulting green solution was heated to 100 °C for 1 h. After cooling to r.t., all volatiles were removed via rotary evaporation. The dark green oil was then dissolved in CH 2 Cl 2 (2 mL) and subjected to flash chromatography through a short column of deactivated silica gel using a solvent mixture of CH 2 Cl 2 and MeOH (20:1) to remove paramagnetic materials. Thereafter, all volatiles were removed from the solution via rotary evaporation to give an yellow oil. The oil was then analyzed by 1 H NMR spectroscopy. The results are summarized in Table S6 . Table S6 . Catalytic transformation of S 1 (1 eq.) in presence of Boc 2 O (1, 1.5, 2, 2.5 and 3 eq.) with complex 1 (2 mol%) KIE Experiment. The deuterated substrate, 1-(4-azidobutyl-1-d)benzene-2,3,4,5,6-d 5 was reacted analogously to the non-deuterated azide, 4-azido-1-phenylbutane at 100 °C using 2 mol% catalyst loading. The ratio of kH/kD was determined by 1 H NMR integration of the methine proton against the methylene protons at the 2-and 4-positions respectively. The KIE value was found to be 3.42. Figure S15 . 1 H NMR spectrum for determining KIE.
S24
S25
S26
C-H amination (5 mol % catalyst) of substrates S 2 , S 3 , S 4 , S 5 , S 6 , S 7 , S 8 , S 9 and S 10 :
Reactions were performed as described in the general method. The results are summarized in Table S7 . 1 H NMR spectra of the product mixture are shown, followed by some representative 1 H NMR spectra of isolated Boc-protected N-heterocyles. Table S7 . Catalytic conversion of organoazides to N-heterocycles and amines.
Substrate Products N-heterocycle Amine
No amine
No amine Amount used: S 2 /S 3 /S 4 /S 5 /S 6 /S 7 /S 8 /S 9 /S 10 (100 µmol), Boc 2 O (100 µmol), complex 1 (5 µmol), C 6 H 6 (5 mL). Reaction conditions: 100 °C, 24 h. 1 H NMR ratio of products are reported in brackets; a isolated yields.
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P 2a : GCMS (EI) t R = 16.8 min; m/z: 41, 57, 70, 96, 104, 124, 140, 170, 197. See references S10 for the characterization of P 2a . Figure S16 . 1 H NMR spectrum of P 2a in CDCl 3 .
S28 P 3a and P 3b : GCMS (EI) t R = 20.5 min; m/z: 41, 57, 70, 84, 110, 128, 138, 154, 184, 211 .
P 3c : GCMS (EI) t R = 20.8 min; m/z: 41, 57, 97, 126, 141, 156, 186, 197, 213. See references S13, S14 and S15 for the characterization of P 3a , P 3b and P 3c , respectively.
Figure S17.
1 H NMR spectrum of the product mixture (P 3a and P 3b ) in CDCl 3 . Figure S18 . 1 H NMR spectrum of P 3a in CDCl 3 .
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P 4a : GCMS (EI) t R = 24.3 min; m/z: 41, 57, 70, 91, 114, 170, 204, 214, 228, 232, 249, 305 .
P 4b : GCMS (EI) t R = 26.6 min; m/z: 41, 57, 70, 91, 116, 172, 189, 204, 216, 230, 251, 307. See reference S16 and S17 for the characterization of P 4a and P 4b , respectively. Figure S19 . 1 H NMR spectrum of the product mixture (P 4a and P 4b ) in CDCl 3 .
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P 5a : GCMS (EI) t R = 16.7 min; m/z: 41, 57, 70, 114, 142, 157, 170, 187, 214, 243 .
P 5b : GCMS (EI) t R = 18.1 min; m/z: 41, 57, 70, 100, 116, 126, 144, 172, 189, 216, 245. See reference S18 and S19 for the characterization of P 5a and P 5b , respectively. Figure S20 . 1 H NMR spectrum of the product mixture (P 5a and P 5b ) in CDCl 3 .
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P 6a : GCMS (EI) t R = 19.00 min; m/z: 41, 57, 77, 91, 105, 118, 148, 162, 176, 192, 204, 249 . 19.92 min; m/z: 41, 57, 70, 91, 107, 118, 134, 152, 164, 178, 194, 251. See reference S10 and S20 for the characterization of P 6a and P 6b , respectively. Figure S21 . 1 H NMR spectrum of the product mixture (P 6a and P 6b ) in CDCl 3 . Figure S22 . 1 H NMR spectrum of P 6a in CDCl 3 .
S32
P 7a : GCMS (EI) t R = 18.2 min; m/z: 41, 57, 77, 91, 118, 132, 162, 177, 218, 233 .
P 7b : GCMS (EI) t R = 18.7 min; m/z: 41, 57, 77, 91, 105, 118, 134, 150, 162, 179, 206, 235. See reference S21 and S22 for the characterization of P 7a and P 7b , respectively. Figure S23 . 1 H NMR spectrum of the product mixture (P 7a and P 7b ) in CDCl 3 . Figure S24 . 1 H NMR spectrum of P 7a in CDCl 3 .
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P 8a : GCMS (EI) t R = 16.3 min; m/z: 41, 57, 77, 91, 118, 132, 146, 162, 174, 204, 219 .
P 8b : GCMS (EI) t R = 17.1 min; m/z: 41, 57, 77, 91, 105, 118, 134, 148, 164, 176, 221. See reference S23 and S24 for the characterization of P 8a and P 8b , respectively. Figure S25 . 1 H NMR spectrum of the product mixture (P 8a and P 8b ) in CDCl 3 .
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P 9a : GCMS (EI) t R = 19.0 min; m/z: 41, 57, 77, 91, 104, 118, 132, 160, 177, 233 . 19.2 min; m/z: 41, 57, 77, 91, 105, 119, 134, 162, 179, 220, 235. See reference S25 and S26 for the characterization of P 9a and P 9b . Figure S26 . 1 H NMR spectrum of the product mixture (P 9a and P 9b ) in CDCl 3 .
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P 10a : GCMS (EI) t R = 21.2 min; m/z: 41, 57,70, 78, 91, 96, 104, 146, 172, 200, 216, 273. See reference S10 for the characterization of P 10a . Figure S27 . 1 H NMR spectrum of P 10a in CDCl 3 .
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Catalysis with Partial Poisoning and Trace Metal Analysis for Catalyst 1 (ICP-AAS)
The catalytic conversion of substrate S1 using 4 mol% 1 in benzene (5 mL) at 100 °C fro 24 hours under argon in both the absence or presence of either tetramethylthiourea (25% relative to catalyst) or elemental mercury (droplet) provided identical results for the ratio P 1a /P 1b . TMTU itself does not react with Boc 2 O under these conditions. (Sheldrick, 2013) , SHELXS2014/7 (Sheldrick, 2015) , SHELXL2013 (Sheldrick, 2013) , SHELXL2014/7 (Sheldrick, 2015) , SHELXTL v6.10 (Sheldrick, 2008) .
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Mössbauer spectroscopy
Mössbauer spectra were recorded with a 57 Co source in a Rh matrix using an alternating constant acceleration Wissel Mössbauer spectrometer operated in the transmission mode and equipped with a Janis closed-cycle helium cryostat. Isomer shifts are given relative to iron metal at ambient temperature. Simulation of the experimental data was performed with the Mfit program.
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SQUID measurements
Temperature-dependent magnetic susceptibility measurements were carried out with a Quantum-Design MPMS-XL-5 SQUID magnetometer equipped with a 5 Tesla magnet in the range from 210 to 2.0 K at a magnetic field of 0.5 T. The polycrystalline sample was contained in a gel bucket, covered with a drop of low viscosity perfluoropolyether based inert oil Fomblin Y45 to fix the crystals, and fixed in a non-magnetic sample holder. The maximum measuring temperature of 210 K was chosen because of the pour point of the oil, in order to keep the oil in the frozen state and to avoid therefore the orientation of the crystals parallel to the magnetic field. Each raw data file for the measured magnetic moment was corrected for the diamagnetic contribution of the gel bucket and of the inert oil according to M dia = χ g · m · H, with experimentally obtained gram susceptibility of gel bucket (χ g = -5.70·10 -7 emu/(g·Oe) and of the oil (χ g = -3.82·10 -7 emu/(g·Oe)). The molar susceptibility data were corrected for the diamagnetic contribution according to χ M dia (sample) = -0.5·M·10 -6 cm 3 ·mol -1 . S34 Experimental data were modelled with the julX program. S35 The experimental data were fitted using appropriate Heisenberg-Dirac-van-Vleck (HDvV) spin Hamiltonian includes the isotropic exchange coupling constant between S = 5/2 (FeIII) and S = 1/2 (ligand radical), Zeeman splitting and zero-field splitting for the iron ion (Eq. (1)). The best fit parameters are g Fe = 2.19, g R = 2.0 (fixed), J ≤ -600 cm -1 and │D Fe │ = 1.7 cm -1 .
